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Introduction
S100B is a calcium-binding protein involved in the regulation of energy metabolism in brain cells [34] and the proliferation and differentiation of neurons and glia [1] . Because schizophrenia patients are reported to show elevated levels of S100B in their peripheral blood [13, 19, 23, 24, 28] , cerebral spinal fluid [22] , and cortical brain tissue [27] (see [24] for a comprehensive meta-analysis), the S100B gene has been considered as a candidate gene in the etiology of schizophrenia. More importantly for this study, Liu and colleagues [14] , using 384 schizophrenia patients and 401 controls of Han Chinese origin, found that schizophrenia was significantly associated with haplotypes composed of rs1051169 and rs9722 (two SNPs in the S100B gene) and marginally associated with rs1051169 alone. Interestingly, both of these SNPs have been found to affect S100B gene expression [12] . It is not known, however, whether these potentially functional SNPs can also affect cognitive functions in schizophrenia patients.
Some animal studies found that transgenic mice with overexpression of the human S100B gene exhibited impaired spatial ability [8] , whereas mutant mice with null-expression of the S100B gene exhibited enhanced spatial ability [17] . Both of these findings strongly indicated that S100B may modulate spatial ability. Moreover, Wiltfang et al. [32] reported an association between serum S100B levels of liver cirrhosis patients and their performance on the block design test. These results suggest that spatial ability may mediate the association between S100B gene polymorphisms and schizophrenia.
In fact, there is evidence that spatial ability is a reasonable endophenotype of schizophrenia. Researchers have typically used two tasks to measure spatial ability [16] . The first is the Wechsler block design test, which primarily assesses visuospatial construction. This task requires participants to compose replicas of original patterns from several colored cubes. This test satisfies at least four of the five endophenotypic criteria proposed by Gottesman and Gould [9] . First, multiple studies indicated that schizophrenia patients were impaired in this task [31] . Second, a recent meta-analysis showed that unaffected first-degree relatives of schizophrenia patients were also impaired in this task [26] . Third, several twin studies showed that the heritability of ability measured by this test was in the range of 0.44-0.68 [21, 29] . Fourth, schizophrenia patients' impairment on this test has been demon- strated as occurring from the pre-illness period to after the onset of illness [25] and has been showed to remain relatively stable during 2.5 years of follow-up [2, 3] . The remaining criterion for establishing an endophenotype, namely, cosegregation of the cognitive measure and schizophrenia, has not been addressed to the best of our knowledge. The other task that has been used to measure spatial ability is the mental rotation test, in which participants judge whether two objects are the same after one of them is appropriately rotated. This test primarily assesses visuospatial intuition. Schizophrenia patients have also been reported to be impaired in this task [6, 11] . Unfortunately, few studies have discussed whether this task satisfies the other criteria for an endophenotype, although some gene polymorphisms have been reported to be associated with performance on this task [4] . Considering all the above evidences, we designed this study to test whether S100B gene polymorphisms may affect spatial ability. This study, to our knowledge, is the first to explore the association of S100B gene polymorphisms with the cognitive functions of schizophrenia.
Method

Subjects
The sample included 304 schizophrenia patients and 196 healthy volunteers. The patients were recruited from the Ankang Hospital in Shangdong province, a division of the Jining Medical College. All patients had been hospitalized for less than 1 month and fulfilled the ICD-10 criteria for schizophrenia based on the diagnostic consensus of two experienced psychiatrists. The positive and negative syndrome scale (PANSS) was used to assess each patient's positive (SAPS) and negative (SANS) symptoms at the time of the administration of the cognitive tests. The mean score of the patients' SAPS was 19.1 ± 6.5 and the mean score on the SANS was 17.2 ± 7.1. The mean duration of illness was 3.7 ± 5.3, and the mean number of previous hospitalizations was 1.7 ± 3.7. All patients were undergoing monotherapy with atypical antipsychotics and had currently been using these for more than 2 weeks. Exclusion criteria for the patients included a history of other psychiatric disorders, a history of severe head injury, currently having acute psychotic episodes, current substance abuse, low IQ (less than 75 on the Chinese version of the Wechsler Adult Intelligence Scale-Revised (WAIS-RC)), and failure to cooperate during the cognitive tests. The healthy controls were from the same geographical region as the patients and were interviewed by experienced psychiatrists to exclude any with a history or a family history of psychiatric disorders. More detailed demographic information for both the schizophrenia patients and the healthy controls is shown in Table 1 . This study was approved by the Institutional Review Board of the Institute of Cognitive Neuroscience and Learning, and all subjects gave written informed consent for this study.
Cognitive tasks
All the patients and healthy volunteers finished the block design task and the mental rotation task. The block design task was part of the WAIS-RC and was performed in accordance with the WAIS-RC manual. The raw score was used in this study.
A modified (easier) mental rotation task was used in this study because schizophrenia patients typically have difficulties with the classic mental rotation tests (e.g., Shepard's 3-D tasks). Based on pilot results, we chose the task that requires subjects to judge whether the digit "5" (the number "5" in Times New Roman font) is in its normal form or a mirror image after appropriate 2-D rotation. This mental rotation task was run on an IBM 14-in. screen notebook. Each trial began with a fixation point at the center of the screen lasting for 1000 ms, followed by a 100 ms blank screen and then the stimulus. Each stimulus could appear either as a mirror image or in the normal form at one of six angular orientations including 0
• , 60
• , 120
• , 180
• , 240
• , and 300
• . The stimulus remained on the screen until the subject responded or until 4000 ms had lapsed. In total, 48 trials were performed with an equal number of stimuli of each form and orientation. The order of presentation was pseudo-randomized to avoid consecutive trials of the same form and/or the same orientation. The subjects were instructed to determine whether the stimulus was in the mirror form or in the normal form. They were asked to press a key labeled "mirror" or "normal" on the keyboard with the right forefinger or middle finger. Both accuracy and speed were emphasized. The response times of correct responses (RT in ms) and the accuracy were recorded by the computer.
SNPs genotyping
Genomic DNA was extracted from a 200 l venous blood sample from each subject using the QuickGene-Mini80 equipment and QuickGene DNA whole blood kit S (Fujifilm, Tokyo, Japan).
Genotypic data for the S100B gene and its 2 kb upstream and downstream regions in both Chinese and Japanese populations were downloaded from HapMap. Only SNPs with a minor allele frequency (MAF) >10% were considered. Data in HapMap showed that the SNPs in this gene were highly linked with one another. We selected tags from this subset of SNPs using the Tagger program [5] implemented in the Haploview program (version 4.2). We forced rs1051169 and rs9722 to be included in the list of tags, and then used pairwise tagging and a r 2 threshold of 0.85 to obtain another four SNPs (rs2839349, rs3788266, rs2839357, and rs881827).
All the SNPs were genotyped using Taqman allele-specific assays on the 7900HT Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). Genotypes were read automatically. Ambiguous genotypes were excluded if repeat assays could not be read automatically. The sample success rate was 100% and the reproducibility of the genotyping was 100% according to a duplicate analysis of 2% of the genotypes.
Analysis
The PLINK program [20] was used to perform the Hardy-Weinberg test of each SNP in the control sample, to examine the association between cognitive function and each SNP, to generate a haplotypic estimate for each patient, and to examine the association between cognitive function and each haplotype. This program uses a regression model to do both SNP-based and haplotype-based analyses. A linkage dis- 
Results
One-way ANOVA and chi-square tests revealed significant differences between the patients and controls in all demographic characteristics, including gender, age, years of education and IQ (all P values <0.01, see Table 1 ). After controlling for all these factors, the patients showed a significantly higher mean RT on the mental rotation task than did the healthy volunteers (all P values <0.001, see Table 1 ). The error rates of the mental rotation were comparable between patients and controls (all P values >0.05, see Table 1 ). The patients had a significantly lower raw score on the block design test (F = 73.020, P < 0.001, see Table 1 ). So, the subsequent genetic analyses focused on the mean RTs in the mental rotation task and the raw scores of the block design task.
The allele frequencies for each SNP in the controls did not show any deviation from Hardy-Weinberg equilibrium (all P values >0.05, see supplementary Table S1 ). D values were calculated in patients and controls separately and yielded similar results. Except for a low D between rs2839349 and rs1051169 (for patients, D = 0.36, P value <0.05; for controls, D = 0.34, P value <0.05), a strong linkage disequilibrium among the other pairs of SNPs was observed (all D s > 0.8, P value <0.05). No alleles or genotypes showed a significant association with schizophrenia (all P values >0.05, see Table 2 ).
In the patients, the demographic characteristics, with the single exception of gender, did not differ across the genotype groups of each SNP (all P value >0.05, see supplementary Table S2 ). Gender showed a significantly different distribution among the rs881827 genotype groups ( 2 = 6.058, df = 2, P = 0.048). In the mental rotation task, rs9722 showed a significant association with mean RTs at all degrees except 180 • (all P value <0.05, see Table 3 ). Post-hoc analysis showed that the mean RTs of the AA genotype were higher than those of the GG and/or AG genotypes at all degrees except 180 • . No difference was found between the mean RTs of the AG and GG genotypes. Another SNP, the rs1051169, showed a significant association with the mean RTs at 0 • (P = 0.0008) and 60 • (P = 0.003) with the GG genotype displaying higher mean RTs at these two degrees than GC and/or CC genotypes. Moreover, rs2839357 showed a significant association with the mean RTs at 0 • (P = 0.009) and 180 • (P = 0.027), and the GG genotype displayed higher mean RTs than both AA and GA genotypes. After the Bonferroni correction, only the association between rs9722 and the mean RTs at 0 • and 240 • and the association between rs1051169 and the mean RTs at 0 • and 60 • remained significant. For the block design task, rs9722 also showed a significant association (P = 0.023), which, however, could not withstand the Bonferroni correction. Two other SNPs, rs1051169 (P = 0.070) and rs2839357 (P = 0.082), only showed a tendency toward association (see Tables 3 and 4) .
We next performed a haplotypic analysis for two haplotype combinations, namely rs9722-rs1051169-rs2839357 and rs9722-rs1051169. No demographic characteristics showed differences among these haplotypes (all P values >0.05). For rs9722-rs1051169, there were three haplotypes, AG, GG and GC, with frequencies of 30.1%, 58.7% and 11.2% respectively. The AG haplotype showed a positive association with mean RTs at all degrees except 180 • (all P value <0.05), and the GC haplotype showed a negative association at 0 • (P = 0.0008) and 60 • (P = 0.0029). For the block design task, the AG haplotype showed a negative association with raw scores (P = 0.023) while the GC haplotype showed a tendency toward a positive association (P = 0.070). After the Bonferroni correction, the association between AG and the mean RTs at 0 • (P = 0.002) and 240 • (P = 0.008) and the association between GC and the mean RTs at 0 • and 60 • were still significant. For rs9722-rs1051169-rs2839357, we observed five haplotypes, of which three were common. The frequencies for these three haplotypes were 0.289 (AGG), 0.108 (GGA) and 0.576 (GCA). The AGG haplotype showed a positive association with the mean RTs at 0 • (P = 0.004), 240 • (P = 0.008), and 300 • (P = 0.041) and also showed a negative association with the raw score on the block design task (P = 0.034). The GCA haplotype showed a negative association with the mean RTs at 0 • (P = 0.001) and 60 • (P = 0.006). Only the association between the AGG haplotype and the mean RTs at 300 • as well as the raw score of the block design task could not withstand the Bonferroni correction (see Table 5 ).
In healthy volunteers, none of the demographic characteristics showed any differences among the three genotypes of each SNP (see supplementary Table S3 ) and no association was found between any task performance and any SNP (see Table 6 ). Combining the patients and healthy volunteers, a MANOVA further showed that the main effects of rs9722 for the mean RTs at all degrees except 180 • , as well as the raw scores in the block design task, were significant. However, the interaction between rs9722 and groups only showed a tendency toward significance for the mean RT at 0 • (F = 2.999, P = 0.051). For rs1051169, the main effects were significant for the mean RTs at 0 • (F = 5.285, P = 0.005) and 60 • (F = 3.511, P = 0.031). The interaction between rs1051169 and the groups was significant for the mean RTs at 0 • (F = 4.364, P = 0.013) (see Table 7 ). Moreover, the main effects of the genotypes of rs2839357 were significant for the mean RTs at 0 • (F = 3.381, P = 0.035) and 240 • (F = 3.008, P = 0.050); however, the interaction between groups and genotypes was not significant (see Table 7 ).
Discussion
In this study, we investigated the association between SNPs of the S100B gene and spatial ability in both schizophrenia patients and controls. We used two classic tasks, the mental rotation task and the block design task, to assess the spatial ability of both groups. For the mental rotation task, we found that the A allele of rs9722, the G allele of rs1051169 and the haplotype composed of these two alleles were associated with elevated mean RTs among patients. For the block design task, we also obtained a significant association at rs9722 with the A allele being associated with lower raw scores in the patient group, although this result could not withstand the Bonferroni correction. These results indicate that the abovementioned alleles or haplotypes are risk factors for poor spatial ability in schizophrenia patients.
Note that both the A allele of rs9722 and the G allele of rs1051169 have also been suggested as risk factors for elevated S100B levels in serum and/or the frontal cortex [12] . Additionally, elevated S100B levels have been shown to be associated with poor cognitive function in schizophrenia patients [19] . By directly linking the above alleles to spatial disability in schizophrenia patients, the present study helped to complete the picture of the S100B gene and schizophrenia. We can tentatively conclude that the risk alleles and haplotypes of SNPs (especially rs9722, rs1051169) seem to produce elevated S100B levels, which can lead to poor cognitive function and the onset of schizophrenia [14] . Rs9722 may be one of the most probable functional variants because it is located in the 3 untranslated region, which contains important elements, such as microRNA target sites [30] , AU-rich elements [33] and so on, for the regulation of gene expression. Obviously, other SNPs, which are in the vicinity of rs9722 and rs1051169 and which show a strong linkage with rs9722 and rs1051169 may turn out to be the actual causal variants for the association observed in this current study. This region, therefore, needs further study, including resequencing the S100B gene, in order to validate previous and our results. One SNP we might rule out is rs2839357. Although we found that it was significantly or marginally associated with the mean RT of the mental rotation task and with the raw score of the block design task in patients, these associations did not survive the Bonferroni correction. Furthermore, from the haplotypic analysis results, we found that a combination that included rs2839357 (rs9722-rs1051169-rs2839357) did not demonstrate a stronger association than did the combination that did not include rs2839357 (rs9722-rs1051169). Therefore, we believe that the significant results for rs2839357 were most likely due to its strong linkage with rs9722 or rs1051169 or a yet-to-be-determined SNP in the vicinity.
Our conclusion about the role of the S100B gene should be considered as tentative however for two reasons. First, our study did not replicate an association between the S100B gene and schizophrenia, perhaps due to our relatively small sample size for an epidemiological genetic study and/or our imperfectly matched control group. Second, we need to consider the involvement of other psychopathological and pathophysiological processes that may interact with the functions of the S100B gene. In a recent genetic study of healthy volunteers, for example, Beste et al. [4] found that a functional SNP in the promoter region of the 5-HT1A gene may affect attentional processes during mental rotation. Given that 5-HT1A is an important regulator of S100B [7] , it is plausible that there may be an interaction between 5-HT1A and S100B on mental rotation.
In the controls, we found no significant association for any SNP even before the Bonferroni correction. Considering that several significant association results were found in the patient group, but not in the controls, it seems possible that the role of the S100B gene polymorphisms was different in the patients from that in the controls. In fact, some animal studies have also provided evidences for this postulate. In animal studies, different levels of S100B played different roles in cognitive functioning. Too high levels of S100B have been demonstrated to be harmful [8] ; whereas S100B levels that are near normal physiological levels may be protective [10, 15, 18] . So, the relationship between S100B and cognitive function in patients (with high levels of S100B) and controls (with normal physiological levels of S100B) may be different. We should of course treat this speculation cautiously because, as mentioned above, the cases and controls were not well-matched in terms of age, sex, educational level, and IQ in this study and because there was only one statistically significant interaction between group and genotype for a single SNP (rs1051169) and a single cognitive measurement (the mean RT at 0 • ).
In this study, we obtained similar association results on both the mental rotation task and the block design task; however, the associations from the mental rotation task were stronger than those from the block design task. As we have described in the introduction, the mental rotation task and the block design task seem to assess two partially independent aspects of spatial ability. So, these results may suggest that spatial intuition (assessed by the mental rotation task) is more sensitive than spatial construction (assessed by the block design task) to the effect of S100B gene polymorphisms. Moreover, we also found significantly worse performances on both of the spatial ability tasks in the patients compared with the normal controls. The data suggest that both types of tasks satisfied the first criterion of an endophenotype.
In conclusion, we found an important role for S100B gene polymorphisms in the spatial ability of schizophrenia patients. These findings, on the one hand, can help us better understand the rela-tionship between S100B and schizophrenia and, on the other hand, encourage further studies using spatial disability as an endophenotype of schizophrenia.
